Turkey is rich in geothermal energy resources. It ranks seventh in the world for this type of energy resource and among the top five for geothermal heat and thermal spring applications (electricity generation, heating and cooling homes and greenhouses, drying, thermal tourism, balneological use, mineral extraction, agricultural and aquaculture applications, etc.). Interest in this energy field is rising due to government support for renewables. An overview of geothermal energy in Turkey is presented and its potential is evaluated. The study aims to contribute to the future developments of this energy technology in Turkey, with some barriers also considered.
Introduction
Geothermal energy is a thermal energy, which comes from reservoirs of steam and hot water beneath the surface of the Earth. It plays an important role in the transition from fossil fuels to more sustainable fuels as a clean renewable resource. 1 Diminishing use of coal, oil and gas makes possible to reduce the emissions of greenhouse gases into the atmosphere and, consequently, help fight against global warming and environmental pollution. 2 Geothermal energy is one of the most efficient and environmentally friendly types of renewable energy to generate electricity, and it is also used for a variety of industrial and domestic applications, such as heating, refrigerating, drying (industrial and farm products), biogas processes, biofuels production, water desalination, soft drink carbonation, farming, irrigation, pasteurization, soil sterilization, aquaculture, snow melting and de-icing, bathing. 3, 4 Turkey is considered as a developing country, the energy demand grows at rates of 4.5% to 7% per year and almost 75% of energy demand is met by imported fuels. Energy dependency on imported resources has become an important concern for the country.
Anatolia. In today's numbers, 13% of Turkey's geothermal energy potential (approximately 4000 MW) has been made available by General Directorate of Mineral Research and Exploration (MTA), which under the management of Ministry of Energy and Natural Resources. In Turkey, 55% of the total geothermal areas are suitable for heating applications. 6, 7 There are many studies conducted in literature to determine Turkey's geothermal potentials, some topics include the current situation in geothermal power production and direct use applications of geothermal energy, the evaluation of the future of geothermal energy, geothermal energy policies in Turkey. 5, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] These studies have examined different aspects of geothermal energy in Turkey to contribute to the geothermal energy developments in the country.
Even though Turkey is wealthy in geothermal energy resource potential, these resources are not yet employed adequately in terms of energy generation. Geothermal energy remains as a small contributor to the power generation capacity in Turkey. The installed power generation capacity of geothermal plants is 0.3% in the total installed capacity of power generation and they account for just 0.5% of the total electricity production. 5 Therefore, Turkey needs to include geothermal resources in its energy supply portfolio momentously.
In this study, an overview of Turkey's geothermal energy potentials, productions, polices and the importance of geothermal energy for the country have been investigated and presented with the latest figures. In this way, it has been aimed to contribute to the future development of Turkey's geothermal energy policies and raise awareness within the related sectors about the topic with presented conclusions and recommendations.
Summary of Turkey's energy outlook, polices and targets
As of 2012, the primary energy demand and the installed electricity generating capacity of Turkey have reached to value of 120.1 million tons of oil equivalent (Mtoe) and 57 GW e , respectively. 5 The share of natural gas was 31%, coal was 30%, oil was 26%, hydropower was 4%, other renewable energy sources were 3% and other sources were 6% in this total. Also, the distribution of primary energy consumption by sectors in Turkey can be seen in Table 1.   7 Some of the main targets of Turkey's energy policies to ensure security of energy supply can be explained as follows:
. To evaluate Turkey's best known lignite and hard coal resources for the production of electrical energy by 2023, . To commission two nuclear power plants and start the construction of a new nuclear power plant by 2023, . The share of electricity generation from renewable energy sources will be increased to 30%, by the year 2023, . The technical and economic potential of hydropower is to be evaluated and used for electricity generation to a maximum extent by 2023, . The wind power installed capacity is to be increased to 20,000 MW by 2023, . The geothermal power installed capacity is to be increased to 1000 MW for the purpose of electricity generation by 2023.
Also, Turkey's installed capacity of electric energy and the total electrical energy productions are targeted to be increased over 110 thousand MW and 416 billion kWh respectively, by 2023.
By the end of 2019, total installed capacity of renewable electricity generation plants is targeted to be increased to the amount of 46,400 MW.
The distribution of electrical energy generation by primary energy sources in Turkey is given in Table 2 .
Brief overview of renewable energy outlook in Turkey
Due to its geographical location, Turkey is fortunate in having many renewable energy resources. With the correct evaluation of this advantage, it is possible to produce green energy, protect environment and provide new employment areas.
Turkey Turkey aims to diversity its energy supply routes to increase security of energy supply. Also, to ensure diversification of the sources, the country gives priority to domestic and renewable energy sources. To meet the increasing energy demand, the country executes crucial projects and studies. The main features of these studies can be described as follows:
1. Increase the share of renewable energy in the country's energy mix, 2. Enhance the energy investments and trade environments for the energy businesses, 3. Develop the energy technologies, which is an essential matter in order to ensure the sustainability of energy sector, 4. Assess Turkey's natural resources correctly to promote economic growth of the country, 5. Take significant steps to increase energy efficiency in the whole chain of residential, commercial and industrial sectors, 6. Provide interconnection to the neighboring countries to assure the uninterrupted, qualified and adequate energy supply, 7. Integrate the nuclear energy into the whole system, 8. Reduce Turkey's dependence on foreign energy supply and decrease the energy costs in the country's economy. 7 Geothermal energy in Turkey Turkey's geothermal resources, geothermal aspects and general status of geothermal energy
Turkey forecasts 6% to 8% yearly growth in energy demand until 2020 and anticipates adding 50,000 MW to the grid. Considered to be one of the ''hottest'' markets in Europe for geothermal, Turkey is the seventh most promising country in the world in terms of geothermal energy potential. Within Europe, Italy is the market leader with over 50% of the European capacity. Turkey and Iceland are currently centers of geothermal exploration and development in Europe and Germany is considered a new, but an important factor in the market. 23 Turkey has drilled around 1200 geothermal wells for geothermal electricity production and direct use applications in these geothermal sites since 1960. About one-third of these well-bores have been drilled since 2009. As of 2013, 59 new geothermal projects have been completed or they are currently under construction in Turkey. 24 Tectonically, Turkey is in a very active region. The western part of Turkey is an area of plentiful geothermal activity that undergoing significant exploration and exploitation, but with relatively little volcanism. 8 Major neotectonic structures and provinces of Turkey can be seen in Figure 1 . 10 With the new additions, there are more than 290 geothermal sites discovered in Turkey and approximately 95% of them are low-to-medium enthalpy sites mostly proper for direct use applications. Even though geothermal energy potential of Turkey was theoretically estimated as 31,500 MW t and recently increased to 60,000 MW t , the proved potential by drilling activities (4209 MW t ) and natural discharges (600 MW t ) is only 4809 MW t . As of today, 58% of the proved capacity (2705 MW t ) is used for geothermal heating, consisting of residence heating (805 MW t ), greenhouse heating (612 MW t ), thermal facilities heating (380 MW t ), balneological use (870 MW t ) and heat pump implementations (38 MW t ). 5, 9 The most significant change in the activities took place in the exploration of geothermal resources for electricity production. Present installed capacity is 162.2 MW e and it is expected to become above 397 MW e by the end of 2015. 7 Expanding new research activities of geothermal development especially in the last three years resulted in a geothermal flourish in Turkey. The addition of new sites and updating the data of existing ones raised the presently determined capacity notably. With the new discoveries of 13 geothermal sites, geothermal power potential increased by 1.6 times. 5 Turkey's main geothermal resources and geothermal energy applications can be seen in Figure 2 . 8 In Turkey, all the legal procedure management and responsibilities on geothermal resources and natural mineral waters belong to the Ministry of Energy and Natural Resources (MENR), the MTA, the General Directorate of Mining Affairs (MIGEM) and the Special Provincial Administrations. 25 Geothermal resources are evaluated to serve a variety of purposes, depending on its temperature. Geothermal electricity generation needs high temperatures such as 150 C and over (up to 220 C) for dry steam technology, 180 C for flash steam technology and 57 C for binary cycle technology. The direct use applications of geothermal energy (temperatures range between 25 C and 150 C) can be listed as (mainly used in industry and buildings) follows: heating and/or cooling homes, businesses, spaces and greenhouses, health care and treatment applications, thermal tourism applications (hot springs, spas, balneological uses of geothermal water, etc.), fish farming (heating water), aquaculture productions, farming (crops, fruit, vegetable raising and drying), mushroom production, etc. Also, other fields of geothermal applications in the industry are (temperature ranges between 100 C and 250 C) process heat supply, drying, chemical and mineral productions (carbon dioxide, fertilizer, lithium, heavy water, hydrogen, and mineral water, etc.) and geothermal heat pump applications (in buildings), refrigeration in industry. In Figure 3 , flourish in geothermal energy development is shown in terms of direct use and power capacities.
Due to the privatization moves in the recent years, the growth of the installed direct use and installed power capacity has been striking: 160% and over 800%, respectively. According to MTA and private knowledge records, nearly 110 geothermal sites exist in Turkey with surface temperatures ranging from 22.5 C to 220 C. Most of these sites are mainly located at the Western Anatolia, the Northern Anatolian fault zone and Central and Eastern Anatolian volcanic regions. The surface temperatures in 80 of these geothermal sites are above 60 C, in 13 of them are above 100 C and 8 of them are above 140 C. 8 This capacity is given in terms of maximum flow rate and the weighted flow rate temperatures. Total identified geothermal apparent capacity is about 4800 MW t (based on a reference temperature of 15 C) and 4500 MW t (based on a reference temperature of 20 C). According to some analysis, almost 75% of these sites' current apparent capacities are lower than 5 MW t . An overall of 55 potential geothermal sites are appraised using volumetric reserve estimation method employing existing geological, geochemical and geophysical data; 17 geothermal sites with high temperatures (over 100 C) are suitable for electric power generation and the rest 38 are suitable for non-electric usages.
With regard to a regional examination of geothermal resources, there are about 1000 hot water and mineral water springs sites in Turkey. The temperature values of 170 of them are above 40
C. Eleven of them are considered the most suitable ones for the energy production. These locations and their source temperatures can be listed as follows: Aydin-Germencik The potential of geothermal electricity generation and source temperatures of geothermal regions in Turkey can be seen in Table 3 . The major geothermal sites and their operation status in Turkey can be examined in Table 4. 26 Also, Figure 4 shows the distribution of locations with geothermal resources suitable for electricity generation and current power plants in Turkey. 27 
Geothermal legislation in Turkey and Turkey's geothermal energy usage in the energy supply
Turkey is carrying out extensive studies to increase the share of renewable energy sources in energy supply in sectors and reorganize the legal infrastructure. Energy generation facilities based on renewable energy sources have been provided for the incentives, on the basis of the new Law (No: 6094). The Renewable Energy Law intents to encourage energy production from renewable energies with supporting mechanisms. 28 The legislative framework arranges the prices for the sale of electricity to the state depending on the generation method. According to the law, renewable energy plants will be subject to prices from 7.3 USD cents to 13.3 USD cents per kWh. A hydroelectric power plant will be able to sell electricity at a cost of 7.3 USD cents, the same as the amount for a wind farm. The geothermal energy suppliers can sell their electric energy at a higher price of 10.5 USD cents. Companies that use biomass (including landfill gas) and solar power are subsidized the most at a rate of 13.3 USD cents/kWh. The law also assures additional support for companies with executes that use locally produced equipment and components (from 0.4 USD cents to 3.5 USD cents). 28 Renewable energy incentives in Turkey can be examined in Table 5 . While geothermal power installed capacity was only 17.5 MW in 2002, today this value has reached approximately 397 MW in Turkey. It is a promising increase, but Turkey aims to increase geothermal power generation capacity in the coming years. 7 Table 6 shows the installed capacity of electric power in Turkey. 29 Owing to the incentive law and the privatization of the geothermal market, different investors have entered in geothermal electricity production business and massive drilling activities have been continuing in the most attractive geothermal areas in the country. The following projects are presently being executed: * Kizildere, the single-flash power plant was installed in 1984 with a capacity of 20 MW e , and it has been empowered with a binary unit of 8 MWe in 2008. Its energy production was around 93 GWh e ( Figure 5 ), * Germencik, where a big flash unit of 47.4 MW e commenced its operation in 2009 with a production of 360 GWh e , * Dora, where two binary units of 16 MW e in total with a production of 37 GWh e , * Tuzla, where an another binary unit of 8 MW e , * The three new large binary complexes, named as Irem, Sinem and Deniz put into service in 2012 with a total capacity of 68 MW e .
In addition to these power plants, an important increase has been made in the installed capacity and 150 MW e of new projects is presently under development in Kizildere Dora, Pamukoren and Gumuskoy reaching in 2020 the target of around 650 MW e . The current values are 167 MW e and 490 GWh e . 30 Turkey's electrical energy production (GWh) between the years 2002 and 2012 is shown in Table 7 . 29 According to Turkey's renewable energy targets, the country has set a goal of reducing greenhouse gas emissions by a minimum of 7% over the next five years.
According to the values in March 2012, geothermal data licensing information about the electricity production from renewable resources is given in Table 8 . As of September 2013, the number of geothermal exploration licenses, given by MTA has reached 117. The distribution of installed capacity by primary energy sources can be examined in Table 9 . 7 According to the Ministry of Energy and Natural Resources Budget Presentation for the year 2015, the installed capacity of geothermal energy in the distribution of primary energy resources is 0.5% in Turkey (Table 9 ). Figure 5 . The geothermal power plant in Kizildere, Turkey.
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The geothermal sites, which discovered by the MTA, can be evaluated by the investors (by auctions) based on the Law No. 5686 (Regulation on the Utilization of Geothermal Energy Sources for the purpose of Electricity Generation). As results of these auctions, a total of 96 sites were auctioned and transferred to the investors in between 2008 and 2014; 16 of them have been found suitable for the energy production and the rest of them for the heating and thermal tourism applications. In the scope of these privatizations (with the transfer of Denizli-Kizildere geothermal sites), the total value of these auctions has reached the amount of $545 million. 7 In 2013, some important geothermal energy explorations, survey and drilling operations have been completed by the MTA in Afyon, Aksaray, Ankara, Canakkale-Balıkesir, Aydin, Denizli, Eskisehir, Konya, Cankırı, Kirikkale, Sivas, Yozgat, Kirsehir, Hatay, Gaziantep and Diyarbakir provinces in Turkey. Total probing has reached the value of 20,100 m. In Gore-Nevsehir, the drilling process has been completed at a depth of 2905 m. According to this process, a significant amount of geothermal fluid has been found at the temperature of 183 C (at the bottom of the wells). The flow rate of geothermal fluid has been found as 3 l/s. 6, 7 The studies and drilling activities have been still continuing by MTA in Izmir, Istanbul, Ankara, Istanbul, Manisa, Corum, Kırklareli, Nevsehir and Nigde in the context of the search for geothermal energy sources. The drilling depth has reached to 10,000 m. Another drilling work has been completed in the district of Konya Tuzlukcu, Guzpinar in 2014, a depth of 2200 m and at the temperature of 63 C. The flow rate of the fluid has been determined as 45 l/s in the wells. 7 
Conclusions
As of August 2013, the installed capacity of geothermal energy in the world has been determined as 11,766 MW. Geothermal direct use has been around 50,000 MW. The amount of annual electricity production has been about 68.6 billion kWh. The top five countries producing electricity from geothermal energy are USA, Philippines, Indonesia, Mexico and Italy. The top five countries using geothermal energy for heating and hot springs applications are China, USA, Sweden, Turkey and Japan. 33 Turkey ranks seventh in the world and first in Europe in terms of geothermal energy and the country has a significant potential for renewable energy resources. Turkey also aims at further increasing its use of hydro, wind and solar energy resources. Turkey plans to produce 30% of its electricity need from the renewable energy sources by the year 2023.
In this study, an overview of geothermal energy has been presented and geothermal energy potentials, productions and its importance for Turkey have been examined with regard to the latest numbers. This study shows there is an important potential for geothermal energy production in Turkey, but only a very small fraction may be profitably exploited. Thus, it is aimed to make contribution to the future developments of geothermal energy in Turkey. In the light of this study, the following results are accomplished:
1. Turkey is an energy-importing country, so the country needs to use its sustainable sources to reduce this costly dependence. In this respect, geothermal power is a wise choice, as it is economical, domestic and an environmentally friendly energy source. Moreover, Turkey has many advantages for the use of geothermal energy considering its geographical location. Although there have been important advancements in the last 10 years in geothermal exploitations, there are still some barriers such as economic issues, lack of the legislative and regulatory framework and insufficient infrastructure. 2. In terms of geological configuration, Turkey is located on the Alpine-Himalayan belt, and the country has a very high geothermal energy potential. This potential is about 31,500 MW. In the country, geothermal energy is one of the most remarkable forms of renewable energies. Hence, increasing the capacity of geothermal electricity generation is of great importance for Turkey's energy needs. 6. In Turkey, one of the most common usages of geothermal energy resources is district heating. The initial investment and operating costs of these heating systems are cheap and they are environmentally harmless. They increase the standard of living; additionally, there is no dependence on foreign sources. Although Turkey has affluent geothermal resources, the amount of this type of application and use are not sufficient yet, considering the country's energy needs and production levels. 5 Therefore, it is essential to increase research and development studies in geothermal energy and follow very closely all developments in all related sectors. 7. Turkey's geothermal resources can provide very high thermal tourism capacities. This offers great opportunities for thermal tourism in Turkey. To meet the market and investment criteria, domestic and foreign private sectors should also be encouraged to invest in this energy field. 34 8. Geothermal power generation does not associate any combustion, which means CO 2 emissions into the atmosphere are very low. Consequently, geothermal power generation can help prevent global warming. The supply of energy from the Earth is potentially enormous and endless, deficiency is not a concern. Furthermore, unlike other forms of renewable energy such as solar, photovoltaic or wind power, geothermal power is independent of weather conditions. 35 9. As a result of all the geothermal studies up to this time, it has been seen that the determination of potential of geothermal is not sufficient by itself. It is also necessary to support and carry out the utilization and development of these energy studies not only scientifically but also technically. At the same time, uncontrolled drilling should be prevented in geothermal sites and the balance between supplies the discharges will be preserved of geothermal resources. 10. Geothermal energy will notably contribute to Turkey's future energy supply. In spite of the complex legal issues related to the development of Turkey's geothermal resources, their use is expected to increase in the future, particularly for electricity generation and greenhouse heating. 36 
Disclaimer
Although some data are taken from governmental document, this paper is not necessarily representative of the views of the government. 
